Aim To investigate cases with conjunctival pigmentation originating from sclerotomy sites after 23-gauge microincisional vitrectomy surgery (MIVS). Methods This is a retrospective study comprised of 185 eyes from 185 consecutive patients who underwent 23-gauge MIVS. The authors investigated the incidence and the clinical factors associated with conjunctival pigmentation, including indication of vitrectomy and surgical procedures. Results Eight eyes (4.3%) from 185 eyes showed conjunctival pigmentation after surgery within 7 days postoperatively. Light microscopic examination of excised tissue showed infiltration of abundant dark brownish colored melanophages with surrounding scattered, finely granular, melanin pigments. C3F8 gas tamponade (OR, 9.4; 95% CI, 1.9-44.5; P ¼ 0.005) was significantly associated with conjunctival pigmentation. The mean surface area (21.26 ± 2.21 mm 2 ) of three eyes with C3F8 tamponade was significantly larger than that of five eyes (2.51 ± 0.73 mm 2 ) without tamponade (P ¼ 0.025). Neither leakage nor hypotony was found. Conclusions Intraocular melanin pigments could prolapse through the sclerotomy site and cause conjunctival pigmentation after 23-gauge MIVS. Thus, preoperative warning is necessary in patients with 23-gauge MIVS.
Introduction
Microincision vitrectomy surgery (MIVS) by a 25-gauge vitrectomy system was proposed by Fujii et al. 1 Since then, 25-gauge vitrectomy has been reported to reduce the operating time and postoperative inflammation compared with the conventional 20-gauge vitrectomy. [2] [3] [4] [5] In 2005, Eckardt introduced a 23-gauge MIVS with less instrument flexibility allowing greater ocular rotation and the ability to perform a more complete peripheral vitrectomy. 6 Thus, the 23-gauge system has become an option for MIVS. Several studies reported the safety and effectiveness of the 23-gauge MIVS. [7] [8] [9] [10] [11] However, there have been questions regarding the self-sealing characteristics and postoperative hypotony in some of the cases. 8, 12, 13 Previously localized conjunctival and episcleral pigmentation after 20-gauge conventional vitrectomy has been considered owing to a reaction to the sutures used to close the sclerotomy site. 14 Recently, a case of conjunctival pigmentation after 23-gauge MIVS for retinal detachment surgery was reported. 15 Furthermore, the authors reported that it occurred even after using the 25-gauge chandelier illumination system. 16 To our knowledge, the clinical factors for conjunctival pigmentation after 23-gauge MIVS have not been reported before. In the present study, the authors evaluated the cases that showed conjunctival pigmentation originating from sclerotomy sites after 23-gauge MIVS. In addition, the authors investigated the clinical factors associated with conjunctival pigmentation, including indication of vitrectomy and surgical procedures.
Patients and methods

Patients and study design
The authors did a retrospective chart review of all the patients who had 23-gauge MIVS.
The study was done in accordance with the Declaration of Helsinki, and the study protocol was approved by the Institutional Review Board of Kyungpook National University Hospital. All patients were informed of the procedure and informed consent was obtained.
The inclusion criteria of the study included patients who had 23-gauge MIVS and were followed up for more than 2 months. The exclusion criteria were as follows: patients with primary or acquired conjunctival melanosis or melanocytic tumors, patients with chronic exposure to various topical or systemic medications including epinephrine, tetracycline, and chlorpromazine, patients with previous ocular surgery including pterygium or vitrectomy surgery (except cataract surgery), and patients with intravitreal injections within 12 months. When the lesion was revealed within 2 months of the follow-up period after surgery, the eyes were classified as eyes with conjunctival pigmentation. In patients with bilateral surgery, only the first eye that was operated on was included.
The patients' records were reviewed for age, sex, lens status, indication of vitrectomy, surgical procedures, operating time, and postoperative complications. The intraoperative argon laser photocoagulation was classified into three groups as follows: none, focal (partial panretinal photocoagulation or demarcation laser for retinal breaks), and complete panretinal photocoagulation. Each patient underwent complete preoperative ophthalmic examinations including slit-lamp biomicroscopy, intraocular pressure (IOP) measurement using applanation tonometry, and fundus examination by indirect ophthalmoscopy. B-scan ultrasonography was done in eyes with vitreous hemorrhage severe enough to obscure the fundus examination. Follow-up examinations were done from day 1 to 7 and at weeks 2, 4, and 8, postoperatively.
The surface area of conjunctival pigmentation included the conjunctiva of all visible punctated pigmentation around the sclerotomy site. Patients with conjunctival pigmentation had slit-lamp photography at every follow-up period. The maximal surface area from the affected eye was measured by Eye image capture program (E-medio, Seoul, Korea) for image capture, and Image J program (http://rsbweb.nih.gov/ij/; open source, public domain software) for measurement at 2 months postoperatively.
Surgical technique
The surgical procedures were done by a single surgeon (SK). The procedure was started by conjunctival displacement in the inferotemporal, superotemporal, and superonasal quadrants using a special pressure plate (DORC, Auidland, Holland) to hold it firmly to the sclera. A 0.72-mm wide 23-gauge stiletto blade (451 angle; BD Medical-Ophthalmic Systems, Franklin Lakes, NJ, USA) was then inserted at a 151-301 angle through the conjunctiva, sclera, and pars plana 4.0 mm from the limbus. The microcannula was then inserted through the conjunctival incision and into the sclera tunnel using a specially designed blunt inserter (DORC). For maintenance of IOP, the infusion pressure was adjusted to as high as 20 mm Hg using the Accurus Vitrectomy System (Alcon Laboratories, Fort Worth, TX, USA). Then, the microcannulae were plugged and the infusion line was closed before the corneal incision procedure. All of the phakic eyes with cataract underwent combined phacoemulsification with 2.75 mm clear corneal incision using the Legacy or Infinity System (Alcon Laboratories).
Then, 23-gauge MIVS procedures were done using the Accurus vitrectomy system adjusting the infusion pressure by as high as 35 mm Hg. A core vitrectomy and detachment of the posterior hyaloid face was performed. Vitreous base shaving under sclera depression was done to remove peripheral cortical vitreous in eyes with proliferative diabetic retinopathy (PDR) and rhegmatogenous retinal detachment (RRD). Endolaser photocoagulation was done to complete panretinal photocoagulation up to the anterior retina in eyes with PDR. Retinal breaks were treated with demarcation laser with or without C3F8 gas tamponade. After the vitrectomy and other intraocular manipulations were completed, infusion pressure was adjusted by as high as 20 mm Hg. Implantation of an acrylic foldable 6.0 mm intraocular lens was done without corneal wound suture. Then, the superotemporal and superonasal trocars were removed with the infusion clamped. The inferotemporal cannula and infusion line were removed en bloc with the infusion unclamped followed by conjunctival repositioning. After gentle pressure using a Q-tip over the sclerotomy sites, both conjunctiva and scleral incision of the entry sites were closed together with a single releasable 8-0 polyamide (Monosof, Syneture, Covidien, Mansfield, MA, USA), creating hemi-bow ties in all sclerotomy sites. 17 Then, dexamethasone and gentamycin were injected subconjunctivally. The postoperative regimen included 0.3% topical ofloxacin eye drops four times per day for 1 week and 1% topical prednisolone acetate eye drops four times per day that was usually tapered off over 4 weeks. All of the sutures were released at the slit-lamp 1 day after surgery. Each wound was evaluated for leakage by Seidel test at postoperative follow-up. Patients who had fluid-gas exchange were instructed to remain face down for 7 to 10 days.
Statistical analysis
Means were used for description of quantitative data, and percentages were used for qualitative data. 
Results
A total of 210 eyes from 210 patients were enrolled in this study. Nineteen eyes were excluded, including two eyes with pre-existing conjunctival nevus, seven eyes with previous ocular surgery, and ten eyes owing to loss of follow-up. A total of 185 eyes from 185 patients met the inclusion criteria. Eight eyes (4.3%) from 8 patients showed conjunctival pigmentation after 23-gauge MIVS, and 177 eyes (95.7%) from 177 patients showed no lesion. Demographics and clinical data of the patients are summarized in Table 1 .
Age, sex, lens status, indication of vitrectomy, operating time, simultaneous cataract extraction, scleral buckle, cryotherapy, and silicone oil tamponade were not associated with the conjunctival pigmentation after 23-gauge MIVS (P40.05, respectively).
Eight eyes (100%) with conjunctival pigmentation and 90 eyes (50.8%) without conjunctival pigmentation had complete vitrectomy, including vitreous base dissection (P ¼ 0.007). One eye (12.5%) with conjunctival pigmentation and 16 eyes (9.1%) without conjunctival pigmentation had complete PRP (P ¼ 0.545). Three eyes (37.5%) with conjunctival pigmentation and 11 eyes (6.2%) without conjunctival pigmentation had C3F8 tamponade at the end of vitrectomy (P ¼ 0.016). Three eyes in the group with conjunctival pigmentation included two eyes of PDR with multiple retinal breaks and one eye of RRD. Eleven eyes in the group without conjunctival pigmentation had macular hole.
Multivariate logistic regression analysis confirmed that C3F8 tamponade (OR, 9.4; 95% CI, 1.9-44.5; P ¼ 0.005) was associated to the conjunctival pigmentation after 23-gauge MIVS. Table 2 showed the clinical characteristics of the eight eyes from eight patients with conjunctival pigmentation. Seven eyes (87.5%) had 23-gauge MIVS for PDR. All of the 8 eyes had complete vitrectomy including vitreous base dissection, and showed the conjunctival pigmentation within 7 days after vitrectomy. Owing to multiple retinal tears, one eye with RRD and two eyes with PDR had C3F8 tamponade at the end of vitrectomy.
The surface area of inferotemporal lesion was 23.79 mm 2 in case 2 and the surface area of superotemporal lesion was 20.28 mm 2 in case 3.
The mean of the maximal surface area (21.26 ± 2.21 mm 2 ) of three eyes with C3F8 tamponade was significantly larger than that of five eyes (2.51±0.73 mm 2 ) without C3F8 tamponade (Mann-Whitney U-test, P ¼ 0.025).
Neither leakage nor hypotony (IOP o6 mm Hg) was found in all of the 185 eyes during the follow-up period. Also, there was no case of endophthalmitis.
Case report (case 2)
A 74-year-old female patient presented sudden decreased visual acuity due to vitreous hemorrhage Figure 1a ). Two months after the surgery, excisional biopsy was done under topical anesthesia owing to a cosmetic problem and a necessity to rule out melanoma. Light microscopic examination of excised tissue showed non-keratinizing squamous epithelium and substantia propria of the conjunctiva (Figure 1b) . Infiltration of abundant dark brownish colored melanophages, which are macrophages that have ingested melanin pigments in the substantia propria, was observed at higher magnification. Scattered, finely granular, melanin pigments surrounding the melanophages were also noted. Neither nevus cell nor melanoma cell was observed in the sample. Six weeks after the conjunctival excision, there were remnants of a pigmented lesion in the right inferotemporal site.
Discussion
To our knowledge, clinical factors related to conjunctival pigmentation after 23-gauge MIVS have not been reported before this, and the authors investigated 8 eyes (4.3%) with conjunctival pigmentation from 191 eyes, which had 23-gauge MIVS. Smiddy et al 18 reported dark brown pigmentation at episclera and conjunctiva, measured 10 Â 6 mm size surrounding a sclerotomy site after 20-gauge conventional vitrectomy and retinal reattachment surgery. Histological techniques identified the pigmented materials as melanin. The location of the melanin in macrophages and in the extracellular space showed that it does not originate from the conjunctiva but from the eye. Liu et al 19 investigated the material prolapsed from the sclerotomy sites of 36 cases during 20-gauge standard vitrectomy. Light microscopic analyses of 35 cases (97.2%) showed a large amount of well-proportioned eosinophilic vitreous tissue with scattered pigment granules and small, pigmented globules. A portion of the ciliary tissue prolapsed in six cases (together with some retinal tissues in three cases), including ciliary nonpigmented epithelium, pigmented epithelium, and ciliary muscles.
In the present study, H&E staining of excised tissue of case 2 showed infiltration of abundant dark brownish colored melanophages in the substantia propria, which is similar to the study by Smiddy et al. 18 The authors also speculated that the melanin was discharged from the sclerotomy sites. First, there was no pre-existing conjunctival pigmentation and it occurred exactly on the sclerotomy sites in the affected eye, in particular, within 7 days postoperatively. Second, based on the light microscopic examination, there was neither nevus cell nor melanoma cell.
Previous studies have shown that cryotherapy causes release of both extracellular melanin and viable retinal pigment epithelial (RPE) cells, and the released pigments prolapse through the sclerotomy sites. 18, 20, 21 In the present study, C3F8 tamponade was associated to the conjunctival pigmentation. The mean of the maximal surface area of three eyes with C3F8 tamponade was significantly larger than that of five eyes without C3F8 tamponade. These three eyes included two eyes that had PDR with multiple retinal tears and one eye that had RRD. It is possible that the RPE cells release from the retinal tears and prolapse through the sclerotomy sites. Thus, 11 eyes with macular hole could not show any conjunctival pigmentation, though these eyes had C3F8 tamponade.
Although the factor of complete vitrectomy in the univariate analysis (P ¼ 0.007) was not significant in the multivariate analysis (P40.05), it could not be excluded from one of the risk factors. First, it could be due to the small number of cases with conjunctival pigmentation in this study. Second, previous reports showed that complete vitrectomy could be more related to the 22 reported that scleral wound leakage occurred despite oblique 25-gauge trocar insertions in more than one-third of the cases (36.4%) that received gas tamponade with vitreous base dissection for RRD. Nagpal et al 23 reported that an endoscopic view of a 23-gauge sclerotomy site with core vitrectomy showed the incarceration of vitreous to be plugging the inner opening of the sclerotomy.
In addition, this vitreous was believed to serve as sealing the ports from inside and preventing further leakage. Woo et al 13 reported that, specifically, vitreous base dissection is one of the risk factors of sclerotomy leakage requiring suture placement after 23-gauge MIVS due to the reduced plugging effect of remnants of vitreous under sclerotomy.
In the present study, no vitreous clogging due to complete vitrectomy could affect undetectable leakage of melanin pigments through the sclerotomy sites in eight eyes with conjunctival pigmentation. Eighty-seven eyes that had core vitrectomy due to non-diabetic vitreous hemorrhage or epiretinal membrane or macular hole did not show any conjunctival pigmentation. It was probably due to the plugging effect by the remnants of vitreous.
It is possible that the conjunctival pigmentation may be due to racial variation. However, the authors of this study were unable to compare their results to Caucasian patients or dark skinned patients owing to the absence of any previous reports. In addition, conjunctival pigmentation may occur owing to the two-step DORC cannula system. In our previous report after using the 25-gauge Torpedo Mini-Light chandelier illumination system with the same 2-step technique, there were three cases of conjunctival pigmentation. Furthermore, conjunctival pigmentation could have occurred owing to the following reasons: genetic predisposition of the Asian patient population, undetected pre-existing primary or acquired conjunctival melanosis due to the nature of a retrospective study, the type of suture used, the intraocular tamponade material used, the duration of the surgery, and the use of inadvertent cautery at the end of the surgery.
The current study has several limitations, including its retrospective nature, a small number of cases, and no comparison with the other types of vitrectomy such as 20-gauge and 25-gauge. However, this study shows conjunctival pigmentation occurred within 1 week postoperatively without any sign of sclerotomy site leakages. Preoperative warning for such a complication is necessary in patients with 23-gauge MIVS. In addition, a further prospective study with a wide range of racial variation is necessary. Figure 1 (a) Slit-lamp photograph at 2 months after 23-gauge microincisional vitrectomy surgery showed pigmentation in the right inferotemporal sclerotomy site (case 2). (b) Light microscopic examination of excised tissue showed non-keratinizing squamous epithelium (asterisk) and substantia propria (arrowhead) of the conjunctiva. Infiltration of abundant dark brownish colored melanophages (arrows), which contained abundant melanin pigments in the substantia propria, was seen. In addition, it showed scattered, finely granular, melanin pigments surrounding the melanophages. Neither nevus cell nor melanoma cell was observed. (H&E staining, original magnification Â 400).
Summary
What was known before K Previously localized conjunctival pigmentation after 20-gauge conventional vitrectomy has been considered due to a reaction to the sutures used to close the sclerotomy site.
What this study adds K Intraocular melanin pigments could prolapse through the sclerotomy site and cause conjunctival pigmentation after 23-gauge MIVS. Thus, preoperative warning is necessary in patients with 23-gauge MIVS.
